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ABSTRACT

In anticipation that the many technical disciplines involved in a

Mars planetary el_try program will require such information for design

studies and prelin_inary design decisions, a fairly complete parametric

study of the Mars atmospheric entry was performed. The expected

extreme model atmospheres 1 as well as the anticipated extremes of ini-

tial entry velocity, entry angle and ballistic coefficient were included.

As functions of these variables, the following parameters are plotted

in graphical f()rm:

1. Flight path acceleration vs altitude

2. Mach No. vs altitude

3. Dynamic pressure vs altitude

4. Heating rat,_ vs altitude

5. Flight path angle vs altitude

6. Atmospheric velocity vs altitude

7. Altitude vs time

8. Altitude vs planet centered angle

In addition, snJnmary plots of peak heating rate, peak acceleration,

unretarded in lpa,_t velocity, and altitude for parachute deployment

are shown as a f_mction of entry angle for the extremes of ballistic

coefficient and m,)del atmosphere.

The material is presented for reference use only, and no attempt is

made to analyze the significance of the relationships depicted for a

particular missiol-.

*New planet spectlogra8hic observations now under evaluation at JPL tentatively indicate a
considerably lower "limi_",m the density-altitude profile band.

I. INTRODUCTION

In order to assess the vehicle design problems involved

in entering the atmosphere of Mars, to weigh compro-

mise solutions to these problems, and to provide the

terminal extension of planet approach space trajectories,

a parametric study varying initial tralectory conditions,

planet atmosphere models, and vehicle ballistic eoeflqcient

was performed..The Jet Propulsion Laboratory powered

flight entry program (Refs. 1 and 2) was used on the IBM

7090 computer. This is a point-mass trajectory solution,

i.e., it considers only the translatory motion of the vehicle.
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A. Constant conditions

I. Motion confined to equatorial plane, counter to

planet rotation

2. Mars rotation velocity

3. Mars diameter

4. Mars gravity, surface

5. Initial altitude: 1,000,000 ft above surface

6. Vehicle drag coefficient (hypersonic): 0.7 with Mach
No. variation

7. Atmosphere fixed to planet: no wind

8. Vehicle maximum diameter: 2.75 ft

9. Angle of attack: 0 °

B. Variable conditions

1. Model atmosphere (Ref. 3): A, B, C and F as de-

fined in Table 1 and Figs. 1 and 2

2. Initial velocity with respect to atmosphere: 15,200
to 37,000 ft/sec

3. Initial angle, flight path to local horizon: 20 to 90 deg

4. Ballistic coefficient or m : 0.5 to 5.0, correspond-
CoA

ing to gross weights of 67 to 670 lb

Table 1. Some properties of model atmospheres for Mars

Model designatlon A B C D E F

Composition (by volume)

Nz 86.8 97.25 98.7 86.8 97.25 98.7

COz 7.2 1.9 0.7 7.2 1.9 0.7

A 6.0 0.85 0.6 6.0 0.85 0.6

Molecular weight 29.9 28.4 28.2 29.9 28.4 28.2

Surface pressure

Ib/fl 2 113 196 284 113 196 284

millibar 54 94 136 54 94 136

Ratio of specific heats 1.41 1.41 1.42 1.41 1.41 1.41

Temperature in stratosphere

°R 410 320 230 230 410 410

, K 230 180 130 130 230 230

Temperature near surface

o R 470 410 380 470 410 470

OK 260 230 210 260 230 260

Scale height*

ft X 10 -3 59 41 29 29 59 56

km 18 12.5 9 9 18 17

Reciprocal scale height*

ft -I X 10 s 1.7 2.4 3.4 3.4 1.7 1.8

km -n X 102 5.6 8.0 11.0 11.0 5.6 5.9

Lapse rate

*R ft -_ X 103 --1.96 --2.04. --2.13 --1.96 0 --1.96

°K km -1 --3.43 --3.75 --4.10 --3.43 0 --3.43

Surface density

slugs X f1-3 X 104 1.4 2.7 4.3 1.4 2.7 3.4

gm X cm -3 X 104 0.75 1.4 2.2 0.75 1.4 1.8

Acceleration of gravity

ft/sec Z ! 1.8 12.3 12.8 12.8 11.8 12.8

cm / sec = 360 375 390 390 360 390

stratosphere

2
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C. Results

The results give atmospheric ballisti_" entry variations

of certain design parameters versus altitude or time (see
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Fig. 2. Model atmospheres for Mars-density profile

nomenclature). Terminal motion under the influence of

an auxiliary decelerator may be approximated by the

assumption of a vertical trajectory starting at the desired

Mach number and corresponding altitude. Results pre-

sented here (except for heating rates) also apply to vehi-

cles having the same ballistic coefficients, but different

combinations of diameter, weight, and drag coefficient

(except in the low velocity terminal portion).

The atmosphere models chosen for use in this program

span the expected temperature and density bands (see

Figs. 1 and 2).

The initial velocity range extends from slightly less

than escape velocity to a high value typical of short flight-

time, low-payload missions. The most practical initial VE

will probably fall between the two middle values.

At the highest ballistic coefficient and initial velocity

it can be noted that the initial flight path angle of 20 deg

below horizon is a marginal or overshoot condition.

Depending on the atmosphere assumption, the vehicle

is correspondingly captured immediately, captured after

a reversal in rate of altitude change, or it escapes the

planet. This is most easily seen in the plot of altitude vs

ARC, which may be interpreted as ground range ex-

pressed in muhiples of planet radius. The ALT vs ARC

plot is thus a physical picture (with mismatched scales)

of the trajectory. Figure 3 graphically defines trajectory

geometry.

TIME :0 1

x\

\

._ ALT HERE

\

\
\

4_

PLANETICENTER

Fig. 3. Trajectory geometry
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For purposes of comparison, all plot scales are the

same. The percentage definition of small values suffers

correspondingly. Printed output data and plotting tapes

are available for fine-grained reexamination of any por-
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tion of this study. Some of the extreme conditions

possible within these bands of parameters are presented

in Figs. 4, 5, and 6.
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II. DESCRIPTION OF PLOTS

Quantities Plotted (see Table 2)

ACX

Mach

Q vs ALT
Os
PTE

VE

ALT vs TIM

ALT vs ARC

Each of tile four curves on a given plot (see Appendix)

represents a different initial velocity (VE) of

15,200

21,700

29,300

or 37,000 ft/sec

The automatic plotting process does not allow machine

labelling of curves. However, in most 2ases the identity

of the curves is evident, i.e., highest peak ACX, Q, QS,

lowest initial decay rate of PTE vs ALT, and highest

initial decay rate of ALT vs TIM correspond to highest
initial VE.

The WEIGHT, which is a constant for each plot, cor-

responds to the following ballistic coefficients (m/C_,A),

and densities. The density range is roughly that between
balsa wood and water.

Gross Densi W,
WEIGHT, lb m/C,A lb/ft =

67 0.5 5.7

200 1.5 17.1

400 3.0 34.2

667 5.0 57.0

The 200 ]b, 21,700 R/see combination has received con-

siderable attention at JPL in the past.

5
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Table 2. Table of plots

Figure number Ordinate Abscissa Weight m/Ci,A _ Atmosphere

A-I

A-2

A-3

A-4

A-5

A-6

A-7

A-8

A-9 through A-16

A-17 through A-24

A-25 through A-32

A-33 through A-64

A-65 through A-96

A-97 through A-192

A-193 through A-288

A-289 through A-384

ALT TIM

VE A LT

Moth ALT

QS ALT

Q ALT

ACX ALT

PTE ALT

ALT ARC

Same as (A-I through A-8}

Same as (A-I through A.8)

Same as (A-I through A-8)

67

67

67

67

67

67

67

67

200

400

667

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

1,5

3.0

5.0

20

20

2O

20

20

20

20

20

20

20

20

Some as (A-I through A-8)

Same as (A-1 through A-8)

Same as (A-1 through A-8)

Same as (A-I through A-8)

Same as (A-I through A-8)

Same as (A-1 through A-32)

Same as (A-1 through A-32)

Same as (A-1 through A-32)

Same as (A-1 through A-32)

Same as (A-I through A-32)

40

90

Same as (A-1

through A-96)

Same as (A-I

through A-96]

Same as (A-1

through A-96)

NOMENCLATURE

A

ACX

ALT

ARC

ATMOS

CD

m

Vehicle projected frontal area, _ (max.

diam)'-'/4, ft/seC

Acceleration along flight path direction,

ft/sec'-'

Length of perpendicular from vehicle to

planet surface, ft

Planet centered angle between initial and

Surface range
current vehicle positions, Mars radius

Atmosphere models defined in Table 1

and Figs. 1 and 2

Drag coefficient drag force/QA

Gross vehicle mass, slugs

Math

PTE

Q

QS

an

THETA

TIM

VE

WEIGHT

P

Mach number, ratio of VE to local ambient

sonic velocity

Local angle between VE and local hori-

zon, rad

Dynamic pressure, (VE)'o/2, lb/ftz/10.76

Stagnation point heating rate, 2.15 x 10 -8

R, -°.5 0°.5 V 3'°, BTU/ft"sec

Vehicle nose radius (max. diam)/2, ft

Initial angle between VE and local hori-

zon, deg

Time after initial time, see

Velocity of vehicle with respect to atmos-

phere, ft/sec

Gross vehicle weight on Earth, Ib

Atmosphere local density, slugs/ft a

6
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APPENDIX

Mars Atmosphere Entry Parameters

The values for varied initial trajectory conditions, planet atmosphere models,

and vehicle ballistic coefficients are presented in Figs. A-1 through A-384.

9
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